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THESIS , .ABSTRACT 
EFFBCTS OF INTERMITTENT ILLUMINATION 
ON PERCEPTUAL-MOTOR PERFORMANCE 
by 
Stefan Slak 
The purpese ef the study was to investigate the 
ef'fect s ef flickering, illuminatien en perfermance as meas-
ured by perceptual-motor tasks. 
Flickering illumination has a variety of effects en 
human subjects. If it causes a generalized disturbance in 
the CNS, an impairment of perceptual-motor performance weuld 
be expected. This might have practical implications, since 
working under cenditions of intermittent light is semetimes 
required. 
Method • - The experiment teok place in a dark 
reem. The light beam from a slide prejector passed through 
a four-secter rotating disk driven by Zero-max electric 
motor. This set-up yielded flickering light with sine 
waves and ~ulse~to-cycle fraction of 1/2. The light .was 
re~lected from an aluminum foil surface onto the working 
desk. Five flicker frequencies were used: 1, ), 9, 24, an~ 
. 40 cps, with average cycle illumination intensity ef 2 ~oet-
, ~ .. 
candles. The con~rol condition was steady light with the 
same illuminati•n intensity. 
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The following tasks were used: l.Greoved Pegboard, 
' 
2. Mirror Tracing,). -Card Sorting, invelving numbers, 4. 
Card Sorting, involving figures, '!nd .s. Card Sorting, in-
volving colors. Time and error score were taken f~r all 
tasks as measures of perfermance, except fer grooved peg-
board where only time score could be considered. 
· 44 undergraduate students served as subjects a~ter 
having unde~gone a screening procedure involving interview 
and EEG. They were tested twice on all of the five tasks. 
All subjects;perfonned the tasks in steady light (pretest). 
Twe weeks later the subjects performed the same tasks under 
~. one of 'the lighting conditions as ~ollows: 14 control sub-
jects performed the tasks the second time under steady 
light, and 6 subjects in each ef the 5 experimental groups 
performed the tasks under flicker with one o~ the S flicker 
frequencies used. 
Difference scores (test scere minus pretest score) 
._,... . 
were.considered in statistical analysis which was done sep-
arately fer each task. 
Results a n d C o n c 1 u s i e n s • -
No impairment oC perceptual-meter performance beyond chance 
expectations was detected, al theugh an over-all\, picture 
shows a slight tendency toward lower perfonnance under 
flicker. It should be peinted out that this finding is ~ 
based en results obtained on a variety o~ perceptual-meter 
-
.. 
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tasks and under conditions of proper contrel of illumination 
" 
intensity. 
The follewing conclusions were reached: 
(1) Intermittent photic stimulation does not cause 
a gr•ss reduction in perceptual-motor performance. 
(2) Any disturbance in the CNS caused by flicker>and 
indicated by perceptual and physiological effects is insuf-
~icient to produce comparable disturbance in perceptual-
motor activity. 
The following two alternative hypotheses are offered 
to explain this finding: 
(1) Flicker has specific e:ff'ects en the CNS which 
,, 
are functionally unrelated to perceptual-motor perfonnance. 
_,1 (2) Voluntary perceptual-metor activity counter-
balances or eliminates generalized flicker-induced disturb-
ances in the CNS which otherwise tend to occur • 
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Abstract 
The purpose of the study was to investigate the 
d:ffects of :flickering illuminati.on on performance as meas-
ured by perceptual-motor tasks. 
Flickering illumination has a variety of effects on 
human subjects. If it causes a generalized disturbance in 
the CNS, an impairment ·of perceptual-motor performance would 
be expected. This might have practical implications, since 
working under conditions of intermittent light is sometimes 
required. 
Method. - The experiment took place in a dark 
room. The light beam from a slide projector passed through 
a four- sector rotating disk driven by Zero-max electric 
motor. This set-up yielded flickering light with sine 
waves and pulae-to-cycle fraction o~ 1/2. 1be light was 
reflected from an aluminum foil surtace onto the working 
desk. Five Clicker frequencies were used: 1, 3, 9, 24, and 
40 cps, with average cycle illumination intensity of 2 foot-
candles. The control condition was steady light with the 
same illumination intensity. 
, 
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The Collowing tasks were used: 1. Grooved Pegboard, 
2. Mirror Tracing,). Card Sorting, involving numbers, 4. 
Card Sorting, involving figures, and 5. Card Sorting, in-
volving colors. Time and error score were taken for all 
tasks as measures of performance, except for grooved peg-
s, 
board where only time score could be considered. 
44 undergraduate students served as subjects after 
having undergone a screen'ing procedure involving interview 
and EEG. They were tested twice on all of the ~ive tasks. 
All subjects performed the tasks in steady light (pretest). 
Two weeks later the subjects performed the same tasks under 
one of the l~ghting conditions as follows: 14 control sub-
jects performed the tasks the second time under steady 
, light, and 6 subjects in each of the S experimental groups 
performed the tasks under :flicker with one of the, S i'licker 
frequencies used. 
Diff'erence scores (test score minus pretest score) 
were considered in statistical analysis which was done sep-
{ 
arately for each task • 
Results and Conclusions.-
No impai.rment of perceptual-motor per:fonnance beyond chance 
expectations was detected, although an over-all picture 
shows a slight tendency toward lower per:formance under 
flicker. It should be pointed out that th~ finding is 
based on results obtained on a variety of perceptual-motor 
n 
,. 
' 
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tasks and under conditions ef proper control of illumination 
intensity. 
Tbe follewing conclusions were reached: 
(1) Intermittent photic stimulation does not cause 
a gross reduction in perceptual-motor performance. 
(2) Any disturbance in the CNS caused by flicker and 
indicated by perceptual and physiological effects is insuf-
ficient to produce comparable disturbance in perceptual-
motor activity. 
The fellowing two alternative hypotheses are offered 
to explain this finding: 
(1) Flicker has speciCic efCects on the CNS which 
are functionally unrelated to perceptual-motor performance. 
(2) Voluntary perceptual-motor activity counter-
balances or eliminates generalized Clicker-induced disturb-
ances in the CNS which otherwise tend to eccur. 
:o.: ,. ~ .. ,· 
:,, 
I 
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I n t r o d u c t i o n 
Intermittent photic stimulation is deCinable in 
terms of characteristics varying along a variety ot dimen-
sions. Among the most important ones are flicker Crequenc~ 
light-dark ratio, intensity, size and shape o~ the flicker-
ing field, duration, spectral characteristics, wave-shape, 
homogeneity of the ~lickering field, alternation oC light-
dark vs. high-low level oC illumination, and temporal reg-
ularity of light flashes. 
In the past, most studies on flicker were concerned 
with Cactors affecting the critical Cusion frequency. More 
recently, different effects of intermittent photic stimula-
tion have been demonstrated in an increasing number of 
studies. Some of the most outstanding flicker-induced 
phenomena are: 
(1) Perceptual ef~ects (brightness enhancemen~ in-
duction of moving patterns and geometrical designs) (Bach 
1957). 
4 . 
- . 
(2) Changes in 1EEG (photic driving) (Alexander and 
Chiles 19S9, Brazier 1957). 
J 
_,_ 
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()) Mild physielegical reactions experienced as 
nausea, vertigo, headaches, and drowsiness, appearing in 
••m• subjects (Alexander and Chiles 1959, Ulett 19S)). 
(4) Severe reactions, appearing in a small percent-
age ef subjects: les of conscieusness, epileptic seizures 
and cenfusion of thinking. 
Flicker-induced changes in visual efficiency are 
somewhat controversial. Zaccaria and Bitterman (1952) stud-
ied the effects of fluorescent flicker on visual efficiency 
in reading and did net uncover any significant impairment. 
Brightness enhancement effect with flicker frequencies clese 
te 10 cps led to suggestien that this particular frequency 
might impreve visual efficiency. Gerathewohl, Siegfried and 
Taylor (19SJ) investigated the possibility of improvement 
•f readability under conditions of low contrast. Two ~licker 
frequencies were used (9 and 15 cps) and no imprevement of 
readability was ebtained. Instead, the effect of flicker 
was to lewer the number of lines read per unit o~ time. 
·Accumulation of knowledge abeut difCerent flicker ; 
' 
~ 
· phenomena suggests the possibility ef deterieration ef var-~ 
ieus aspects of perfermanc.e under flicker. Should inter-
mittent light result in some kind of generalized disturb-
ance in the CNS, a widespread impairment ef human perCorm-
\ 
ance woula be expected. However, the effect of·t'licker on 
. human brain is far from being clear. The impai:nnent o~ 
-6-
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perceptual-meter performance under ~licker does- not neces-
sarily follow frem ether effects of flicker m•ntioned 
above, neither is there a satisfactorily cle•r theeretica1 
position te permit deduction ef experimental hypetheses 
about the efCects ef f1icker en perceptual-meter perferm-
ance. It is the author's belie~ that instead ef waiting 
fer such a theory, a strictly empirical and task-oriented 
approach to the problem is justified. It will add informa-
tien fer later theor,izing, whatever the results of' the 
investigation happen to be. 
Another seurce of interest in the present study was 
practical. Certain operatiens have te be performed under 
conditions o~ intermittent light (examples: operating a 
belicopter,inspectien of radarscopes with high sweep rates, 
erpesure to search-lights and anti-collision warning lights). 
The study ef effects of flicker on perceptual-moter 
perfermance was somewhat neglected in the past. Alexander 
and Chiles (1959) studied the effects of prolonged exposure 
to flicker (2 1/2 hours) on perfennanoe in a simple arithme-~ 
tic test. No significant differences were Ceund in test 
scores obtained in pre- and post-exposure trials. 
Ameng flicker:studies identified in the literature, 
the "Tulane Studies on the Effects ef. Flickering Light en 
Hlman Subjects" by Bach, Sperry and Ray (19S7) are the most 
representative ef the endeavor to examine the ef~eots of 
"_,, .. ,.. 
... 
,, 
' 
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intermittent photic stimulatioh.on per~eptual-motor perform-
ance. The purpose of this series of investigations was to 
study the possibility of using intermittent light as a weap-
on. Flicker was expected to cause disturbance among enemy · 
troops which would put an equally strong enemy to disadvan-
tage. 1be results of experimentation were not conclusive 
enough to decide upon military application of Clicker. The 
following' results were obtained in Tulane studies, to men-
tion only those directly pertinent to perceptual-motor per-
formance: 
(1) Tapping: The problem was to determine 
whether ~lickering light affects the subjects rate of tap-
ping, a task that does not require vision. The Ss were in-
structed to tap alternately between two boards separated by 
a low partition. Significantly lower rate of performance 
·~· 
was obtained under ~licker (9 and 18 cps) than in complete 
darkness. The possibility was overlooked that a signif'icant 
reduction in perfonnance could possibly be obtained by sim-
ple steady illumination without flicker. In another version 
of the experiment the tapping task was complicated and a 
stronger reduction in perfonnance was expected under f'licker 
which would suggest detrimental effects of f'licke~ upon cer-
tain cognitive processes. No signi:ficant diffe·rence between 
flicker and non-flicker was obtained in this version which 
automatically questions the validity of the first version of 
... 
.. , 
,, 
,. 
'! 
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the experiment. 
(2.) L o c o m o t i o n : In a simple locomotor 
e%periment Ss simply walked toward the ~licker source. The 
locomotion rate was not signi~icantly different under flick-
er. In a hurdle-maze experiment the locomotion was compli-
~._,_ 
cated by the introduction of turning movements. The effects 
of f1icker of 6 cps were studied and no decrease in locomo- · 
tion rate under flicker of any practical importance was ob-
tained • 
(3) Pursuit rotor task: A radical 
drop of performance was observed under flicker o~ 9 cps if 
compared with control condition (sign~icant at 0.01 level). 
To interprete this result, an examination 0£ experimental 
conditions appears to be necessary. The control condition 
was ambient steady illumination of 20 footcandles. The ex-
(! 
perimental condition was 9 cps ~lickering light with a flash 
period of 20 microseconds (extremely low\light-dark ratio). 
\ 
·: ·- ,l 
·,:, 
The average illumination intensi~y of the flash-period was 
S70 footcandles which resulted in an average cycle illumin-
ation intensity of 0.1 footcandle. Otherwise expressed, the 
average illumination intensity was 200 times higher in the 
control condition than it was in the experimental condition. 
Under such conditions, the subjects were not given the chance 
·to perform the task equally well when exposed to flicker. 
J 
" 
This circumstaP,ce is emphasized here, because precalttions 
·" 
.. 
./ 
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were·taken in the present study to aveid similar mistakes 
in examining the effects of flicker on perceptual-moter 
pe.rfermance. 
(4) R if 1 e - firing: Flicker of 6 cps was 
selected as experimental condition. Three versions of the 
experiment were performed as follows: a)Flicker 0£ 6 ops on 
the target with no ambient illumination, compared with 
steady ambient illumination resulting in comparable bright-
ness of' the target,; b) The same as in (a) except that low 
level ambient illumination was introduced during flicker 
period; c) Flashing light source was placed behind the tar-
get. The ambient target brightness was kept constant.- Only 
in the first version of the experiment mean scores were sig-
nificantly lower under flicker (significant at 0.05 level). 
The results of these studies were not conclusive in 
the sense that they are somewhat diverging and studies which 
did show significant impairment of performance under flic~r 
do net appear to be satisfactorily controlled. Field exper-
iences with~flickering light do not add much to general un-
derstanding o~ its effects. Orr (1957) describes a case in 
the Pacific during World-War II when a plane was brought 
down by means of search lights. There were 15 unsteady 
lights on him. The trackers were having trouble staying 
on target which caused the beams to sweep on and off the 
plane producing a :flickering frequency. The plane nosed up 
,, 
- .  . ' ~ . 
"' 
-·-·------· 
... 
and the pilot bailed out. He was picked up from a nearby bay 
and interviewed. He reported that bis plane was in a spin 
and that he had lost control. He was actually ~lying 
I',. 
straight and level until he jumped. Orr points out that it 
is difficult to say whether flicker or some other ~actor 
contributed most to the illusion. 
In an exploratory study, preliminary to the present 
one, Grooved Pegboard wa}e used as task. Time score was 
taken under five conditions: three dif~erent ~licker 
~requencies, 2, 14, and 37 cps, with pulse-to-cycle fractien 
of 1/2, and two control conditions; in ene the illumination 
intensity was equal to the maximum illumination intensity 
e~ the light flash, and in the other, it was equal to 
the average cycle illumination intensity ef flickering 
light. The time score under the lowest flicker frequency 
(2 cps) was significantly higher than for either of the two 
control conditions. Higher flicker ~requencies produced a 
smaller reduction in performance (or increase in time score), 
1bis exploratory study indicated the necesity o~ a more 
systematic investigation. It also indicated that when 
'\. ., 
. '.\. 
\\ 
steady illumination intensity is doubled, the r~te o~ 
performance is likely to increase, which multiplies the 
chances to detect significant difference between ~lick-
ering and steady light conditions. 
-11-
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Weston's performance data (IES Lighting Handbook, 
195), P• 2-16 - 2-23) on the effect of brightness upon 
speed and accuracy of work perfonnance show an increase in 
perfonnance when the illumination intensity increases. Data 
were collected for the range from 0.5 te 500 footcandles. 
In the light of this evidence the conclusiens reached in 
Tulane experiments with pursuit rotor task (as examined 
above) lack justification. 
The present study was designed to test the diC-~ 
ference between performance under conditions of steady 
light and that obtained under conditions o~ flickering 
"· 
light as measured by five p~ptual-motor tasks, all of 
which involve a certain degree o~ perceptual-motor coor-
dination. Five different flicker frequencies ( 1, J, 9, 
24, and 40 cps) with pulse-to-cycle fraction of 1/2 were 
censidered. The illumination intensity of the control 
/ 
condition was made equal to the average cycle illumination 
intensity of flickering light. Five different flicker 
frequencies were chosen te represent the range ef flicker 
frequencies that is likely te be encountered in industrial 
...... ~ 
er military situatien. The number of flicker frequencies 
studied was limited by practical considerations. Cohen 
and Dinnerstein (19.58) also showed that in the range Crem 
•.. 
1/4 to 12 cps only five steps 0€ discriminable flicker 
frequencies could be identified and that they should be 
... 
.... 
,).: ... 
-12-
spaced logarithmically to maximize discriminability. In 
terms of relative dif~erences, this range is the same as 
the range used in the present study (from 1 te 40 cps). 
Five seems te be approximately the maximum number o~ clear-
ly discriminable ~licker frequencies within the taken 
range. 
The purpose eC the present study is to test the 
fellowing hypotheses: 
Main hypothesis: 
Intermittent illuminatien causes a reductien in 
perceptual-motor performance that cannot be explained 
~ 
by the reduction in the amount of light per cycle inversely 
proportional to the pulse-to-cycle fraction. 
Subhypetheses: 
(1) Flicker frequency has a dif~erential effect on 
perceptual-motor performance. 
(2) The flicker frequencies most disruptive o~ 
perCormance are the same for different tasks. 
"·· 
-~ 
:I 
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• 
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M e t h o d 
S t i m u 1 u s o o n d i t i o n s a n d 
a pp a rat us. - The experiment took place in a dark 
room. A slide projector with JOOW lamp was used as light 
source. The beam from the projector passed through a four-
sector~disk attached to the shaft of Zero-max electric motor. 
The calibration of the electric drive permitted high preci-
sion in the control o~ flicker frequency. This set-up gave 
flickering light with sine waves, the type of flicker most 
likely to be encountered in practical situations. The light 
beam was projected en a wrinkled aluminum foil surface (22 
x )) inches) and reflected ente the working desk (24 x J6 
inches). The distance between the projector and the center 
of the alu~inum Coil surface was S7 inches and the distance 
between aluminum foil surface and the center of the working 
desk 20 inches. A neutral density filter attached to the 
projector reduced the intensity of light te 5Q% for the con-
trol condition. The average 0 arigle of incidence ef light re-
flected from the aluminum foil surface and falling upon the 
desk was 4S0 from the vertical. The peak light flash illumi-
nation o~ the desk was 4 footcandles. The average cycle il-
' 
' 
'"',tt;~ 
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lumination intensity was 2 foc,tca_gdles and was the same Cer 
all flicker frequencies. Steady light illumination inten-
sity 1fas made equal to the average·1 cycle illumination inten-
sity (2 footcandles). The illumination level used in the 
experiment is within the range of practically used lighting 
conditions. The light was diffuse and the illumination of 
the desk was homegeneous. The illumination intensity was 
measured in the center of the desk where the tasks were 
placed. The reflection factor of the desk was approximately 
0.08. Precautions were taken so that the desk was illumi- 0 
nated only by the light passing through the episcotister. 
A protective black cardboard shield was placed between 
the reflecting aluminum foil surface and the subjects' eyes 
which protected subjects frem direct glare. This protective 
shie1d did not have any e~fect en the illumination of the 
desk. 
Tasks. - Five tasks were used in the exper-
iment, all requiring vision and some degree of perceptual-
motor coordination {for instnictions see Appendix A). 
j_JJ\G r 0 0 V e d ·peg b 0 a r d 
' 
size 4 • .5 X 4.5 
't 
. / 
in6,Js , had 2 .5 keyholes (S rows of .5) • All keys were 
exactly alike, but they di:f:fered in orientation. Behind the 
pegboard, in its cover, were placed 2S metal keys of the 
same shape and 1 inch long. The task consisted in putting 
• 
J 
., 
-1.s~. 
.... 
the keys in the keyholes. in reading order and as fast as 
possible. The reflection factor o~ the pegboard was approx-
imately 0.09. The approximate length oC the task was 1 m~n-
ute. Time score in seconds was taken as measure oC per~orm-
ance. 
2) Mi r r o r Tracing is a standard labor-
atory instrument used in a variety of psychological studies. 
A star printed on a sheet.of paper (8.5 x 11 in.) was at-
tached to the board. The longest distance between two 
points of the star was 8 inches. The subject looked at the 
star in the mirror which reverses the forward and backward 
movement. An adjustable metal shield prevented the subject 
from looking directly at the star. The subject's task was 
to trace the star, looking at it in the mirror, as fast and 
as precisely as possible. All Ss started at the same point 
and progressed in the same direction. The time score in 
seconds and error score were taken as measures of perform-
ance. Error was expressed in terms of length of the line 
where the subject~ trace was more than 1 millimeter ofC 
the line. The error length was measured in millimeters and 
\ 
expressed in (rounded off to) centimeters. The re~leotion 
~actor of the ~bite sheet of the paper with the star was ap-
proximately: 0.6.5. The length of the task often varied be~ 
tween 2 and 4 minutes. 
))Card Sorting:Numbers. -
-16-
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A card sorting box containe_d 1.5 pigeonholes () rows ot 5), 
4 x S inches in size. The holes were numbered ~rom 1 to 15. 
A set of flinch cards (3.5 x 2.25 in.) contained 9 cards oC 
each number from 1 to 1S inclusive. The number on the card 
occupied approximately an area of l'x 1 inch. The order of 
the cards was random,vith the following restriction: there 
were at least two other numbers between two identical num-
bers. The order was the same for all subjects. The num-
bering of pigeonholes was also random and kept constant for 
different subjects. The task consisted in putting the l)S 
cards in the appropriate holes as fast as possible, with 
smallest possible number of errors. Time score in seconds 
and error score were taken. The error score was the number 
of incorrectly placed cards. The over-all reflection fac-
tor of the set-up was 0.33. The length of the task was a-
bout 4 minutes. 
4) Card Sort i pg: Figures • -
The task was similar as the preceeding one with the follow-
ing difference: Instead of numbers, geometrical patterns 
,·= 
were used, namely 5 geometrical figures: square, triangle, 
parallelogram, circle, and trapezoid, each having a small 
horizontal, vertical, or diagonal bar in the middle. The 
task was complicated by the fact that subjects had to iden-
tify two signs, the geometrical figure and the bar in 'the 
" -middle. There were 15 combinations of these two signs (S x 
I .• 
- .----··-··-' 
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J) and 10 cards f'or each combination (total of 1.50 cards). 
~ The geometrical design covered an approximate area of 1 x 1 
inch· in the middle of the card. The pigeonholes were desig-
na~ed with corresponding geometrical designs in random and 
constant order. The order of the cards was randomized as 
in the preceding ·task. The task consisted in distributing 
the cards in the corresponding pigeonholes as quickly as 
possible and with smallest possible number ef errors. Time 
and error score were taken as in the preceding task. The 
approximate length o-r the task was 8 to 9 minutes • 
.S) C a r d S o r t i n g : C o 1 o r s • -
In this task only two rows of pigeonholes were used (or a 
tetal of 10). Cards and pigeonholes were designated with 
10 different hues. Munsell Color Standard Paper was used 
for this purpose. The 10 hues selected were SR, SYR, SY,SGY, 
SG, 5BG, 5B, SPB, SP, and SRP (Munsell System of Color No-
tation). They were all oC identical brightness and identi-
cal saturation (brightness/saturation oC 5/6 in ·Munsell 
System of' Co.lor Not at ion). Squares of 1 x 1 inch of Mun-
sell Color Standard Paper were attached to the cards and rec-
tangles of J/4 x 1/2 in. were used for designation o~ pi-
geenheles. There were 10 cards for each hue or a total of 
100 cards. The order was c onst·ant and randomized as in 
other card sorting tasks. The task consisted in distributing 
the cards in the appropriate pigeenholes as quickly as pos-/, 
I 
' 
) -
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~- sible and with smallest number of errors. The usual length 
oC the task was about 4 to S minutes. 
'• 
S c r e e n i n g and S U b j e C t S • -
h~:-,l . -
A total of 44 subjects was used in the experiment. All sub-
. ., jects were undergraduate students at Lehigh University. 
Participation in the experiment was on a voluntary basis. 
Before being admitted as subjects the volunteers had to un~ 
dergo a screening procedure consisting of two parts: (1) 
-An interview, performed in order to uncover indications of 
susceptibility to epileptic seizures in subjects' liCe his-
tory. (2) EEG taken under conditions of re_st, hyperventil-
ation, and short exposure to flicker. Cohen (194J) des-
cribes EEG patterns of potential epileptics. No volunteer 
exhibited signs indicating potential d.angers o'f' epileptic 
seizure when exposed to flickering light. No behavioral 
disorder or neurotic history was discovered in any subject. 
E x p e r i m e n t a 1 P r o c e d u r e • -
The following conditions were used-"'in the experiment: 
Control condition (CC) - steady illumination • 
.5 experimental conditions (EC) - flicker}ng light 
as follows: 
EC1 - 1 cps, EC2 - 3 cps, EC3 - 9 cps, EC4 - 24 cps, 
EC.5 ~40 cps. 
Subjects were divided into 6 gro~ps, 6ontrol group 
-
1 ( CG) with 14 su·bjects and S experimental groups (EG) with 
. .. 
. ·. 
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6 subjects eich. Subjects were tested twice (pretest~and 
test) on each 0£ the S tasks used. In the pretest, all sub-
jects performed the S tasks under the control condition • 
'!Vo weeks later, the control group perCormed the S tasks un-
der the control condition again and each experimental group 
perfonned the S tasks under one of the S experimental con-
ditions (flicker frequencies). The tasks were performed in 
,· 
the following order: 1. Grooved pegboard, 2. Card sorting 
);;~ 
- numbers, 3. Mirror tracing, 4. d0ard sorting - colors, s. 
Card sorting - :figures. 'Ibe orde.r was the same for all sub-
jects and Cor both tests and is therefore considered as one 
of the task-characteristics. There was about 8 minutes break 
between the tasks. Table 1 summarizes the experimental de-
sign used. 
Table 1 
Sequence of tests for different groups 
i 
.iG1 E~ E(b EG4 EG.5 CG 
(6Ss) ( 65s) (6Ss) ( 6ss) ( 6Ss) (14Ss) 
Pretest cc cc cc cc cc I cc 
I 
• ·----llll::l>c::DCID<:::11-· ·----------------· --------· ---------
--------r--------;:' 
Test ECb EC~ . BCi I EC4 EC~ I CC ( le s ) I (Jc s) (9c s) I (24cps) (40 ps) rteady) I 
I I 
DiC~erence scores were considered in the statistical 
analysis. They were de~ined as the di~~erences between pre-
:.' ·' 
.. 
I 
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test and test scores (difterence scere • test score - pre-
test score). Since the score is either time or error score, 
a positive difference score means that the pretest per:form-
,p·· 
ance was better than the test performance. If the dif:fer-
ence is negative, it means the test pe.rfo:nnance was better. 
Impertant advantage of this experimental design is 
that it controls both individual dif~erences as demonstrated 
in the pretest and learning ef~eots. Individual differences 
are controlled by using di:fference scores and learning ef-
fects by using different groups with identical pretest. Sub-
jects x Learning interaction goes into the error tenn with 
the remainder ef uncontrolled variability. 
Before deciding upon this experimental design,anoth-
er version ef the experiment was considered. Each subject 
could per~orm the tasks under all conditions. In order te 
control learning effects, subjects could be trained in per-
forming the tasks until reaching an asymptote and then used 
in the experiment proper. This type of experimental design 
- . 
was avoided for the following reason: If significant differ-
ences between EC's and CC were obtained this might be due te 
the fact that subjects were trained to perferm the tasks in 
the CC ... but they were net trained in EC' s er reciprocally. 
In order- to av.oid this hypothetical ef'fect, a further com-
plication of the experimental design would be necessary, 
which was not dictated by practical considerations. The pre-
• 
I 
'· 
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bability that learning under one condition ceuld account 
for significant differences in per~ormance between di~ferent 
cenditions is many times smaller in the experimental design 
used. 
With the design as described abeve, Dunnett's test 
for comparisons with a control can be cenveniently used. 
Dunnett (1955) indicated that the optimum allocation of 
subjects to the control and to each ef the k experimental 
groups is approximately (n 8 /n1 ) 2 =~~k, where n 0 is the number···· 
.,,__ 
of observations in the control group and n1 the number of 
b t . \ . o serva ie'q_s in 
'-) 
each of the k experimental groups. 
.. 
., 
•· 
··.~.: 
. 
..till \: 
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R e s u 1 t s 
Means and variances eC difCerence scores for different 
Clicker :frequencies and diCCerent tasks are shown in Tables 
2 to 10. Time an~ error parameters are given separately. 
Raw data are presented in Appendix B. Inspection ef 
data did not reveal any important deviations from normality, 
' 
Bartlett's test for homogeneity of variance indicated 
that the requirement of homogeneity of variance was not 
/ 
satisfied in the fo11owing tasks (complete information is 
'-') 
gi·ven in Appendix C): 1',Iirror Tracing (time), Card Sorting: 
Numbers (time and error),.:and Card Sorting: Figures (error). 
As a first approach to statistical analysis of the data, 
an over-all F-test was run for each ef the 9 sets of per-
-~ 
:fonnance scores. This test was used because an·over-all pic-
ture of differences between experimental conditions was de-
-.,· sired as additional inf"ormation. Only error scores in the 
mirror tracing task showed signiCicant differences between 
different conditions (at 0.05 level) (see Appendix C). 
' 
Non-signif'icant F's in itirror Tracing (time), Card Sorting: .. 
Numbers (time and error), and Card Sorting: Figures (error) 
.. 
... 
. 1 
\ I 
....... 
;,·~ 
~.'!. 
-
,r 
T 
~,." 
.. ~. 
_.!· 
.:{ 
~.j_ 
1•.' 
" ? 
' . !,; ',, ·. -·,· 
~t 
~ii_;.:,-; 
\'' 
' 
:~ 
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l'ab1e. 2 
,) 
Means and variances of difference time scores Cor Grooved 
Pegboard 
Condition Mean Variance 
Control -2.64 29.32 
1 cps +1.17 36.17 
3 cps o.oo 33.20 
9 cps +2.00 24.oo ·r 
24 cps I -4.oo J6.80 
I 
40 cps I -2.17 7.77 
.. 
Table:, 
Means and variances of difference time scores for )Iirror 
Tracing 
Condition Mean V,ariance 
Control I -88.07 9764.07 
1 cps -42.00 2701.88 
3 cps -101.67 9247.07 
9 ops " -10.67 .501.07 
"' 
24 cps -68.83 ·- 4940.57 
40 cps -21.SJ 1999.37 
-r 
\· 
·!'··:j 
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Table 4 
Means and variances of dif:ferenc time scores for Card -
Sorting: Numbers. 
• 
., 
Condition Mean Variance 
Control -19.64 4277.,84 
C, 
1 cps -1.5.33 1028.69 
3 cps + 8 • .so 892.30 
9 cps 
"" 
+11 • .50 1.59.50 
•\ 
24 cps -18 • .so 201.10 
40 cps -21 • .so 301.90 
Means and variances of difference time score for Card -
Sorting: Figures , 
Condition I }!ean Variance 
Control -80.,50 .5382.70 
1 cps -74.83 3324.57 
J cps ,. -6S~OO ~ 4498.80 
·, 
547.90 9 cps I -53 • .50 I: ,. 
24 cps -60.50 1:303 • .50 
,,. 
40 cp_s -107 .83 3200.97 
i . 
,· . 
.. 
' 
I 
I 
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Table 6 
Means and variances of difference time scores for Card -
Sorting : Colors. "· 
Condition ?.lean Variance 
Control -:- 18. 07 1312.5.5 
1 cps +lJ.00 1300.40 
J cps -12.00 .5086.00 
9 cps + 4 • .50 99.5.50 
~ 
24 cps 
- .5.83 \ .5.58. S7 
40 cps 
- .s.17 874.97 
Table 7 
Means and variances of difference error scores for Mirror 
Tracing 
Condition Mean Variance 
Control 
-5.57 53.96 
1 cps " +4.17 
~ .. 
37.37 
:3 cps +4.oo 69.20 
9 cps +3 .17 114.17 
24 cps' +4.HJ 18.17 
40 cps +3 • .50 31.10 
\ 
• 
•. 
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Table 8 
Means and variances of difference error scores· for Card -
Sorting: Numbers. 
Condition Mean Variance 
Control -0.14 
1 cps -0.17 0.17 
3 cps -0.67 0.67 
9 cps +0.33. 0.27 
24 cps 
-0.17 0.17 
40 cps 
-0.33 1.07 
Table 9 
Means and variances of differences error scores for Card -
Sorting: Figures. 
Condition Mean variance 
Control -1.64 6.71 
1 cps -1.00 6.80 
3 cps -0.33 3.87 
' 
9 cps -o.so,,' 1.10 
~. 
24 cps -0.83 19.37 
40 cps J -4.oo ( - 7.60 
.... 
f; 
~-· 
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.. Table 10 
Means and varianc~s of difference error scores fer Card -
Sorting: Colors 
Condition Mean Variance 
Control -).00 17.8,; 
l cps -2 • .50 lJ • .SO 
3 cps -2.67 17.87 
9 cps +2.00 J4.40 
24 cps +1.00 24.80 
I 
40 cps 
' 
-3.17 7.77 
are not accounted for by heterogeneity ef variance. As Ner-
ten (Lindquist 1953) showed, heterogeneity of variance re-
sults in a raise in significance level and recommends 
0.025 level when 0.05 significance level is desired. 
The study was designed with Dunnett's test fer 
comparisons with a control in mind. This test was used as 
a basic inferential procedure. Differences between means of 
each of the 5 flicker frequencies and the steady light were 
tested for all tasks. Table 11 shows differences obtained 
by subtracting the mean difference score of the control 
group from the mean difference score of each experimental 
group.The smallest required value for a dif£erence to be 
sigJ1i~icant at 0.05 significa~c~ level for two-tailed test 
1 
is given in the last celumn. Additional in~ermatien ls 
·, /. 
• 
... 
4 
"" 
f" 
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Table 11 
Mean di:fferences :for, flicker frequencies and tasks 
·~ compared with th• smallest signiCicant di:fference 
lcps )cps · 9cps 
GPt ).81 2.64 4.64 
MTt 46.07 -lJ.60 77.40 
.. 
CSNt 4.)1 28.14 )1.14 
CSFt .5.67 1.5 • .50 27.00 
CSCt :31.97 6.07 22 • .57 
Mfe I 9.74 9.57 8.74 
I 
CSNe f-O.OJ -o.,, o.47 
I CSF9 o.64 1.,1 1.14 
" 
csc. o • .so 0.33 .5.00 
I I 
Symbol identiCication: 
t - time measurement 
e 
-
errer measurement 
) 
GP 
-
grooved pegboard 
MT 
-
mirror tracing 
CSN 
-
card sorting: numbers 
CSF 
-
card sorting: :figures 
.;-
,· 
csc 
-
card sorting: colors 
.. 
24cps 40cps 
-1.)6 o.47 
19.24 66.24 
1.14 -1.86 
20.00 -27,,.J) 
12.24 12.90 
10.40 9.07 
-0.0J -0.19 
o.a1 -2.:36 
3.00 -0.17 
I 
I 
I 
I 
I 
I 
Smallest 
signedif:f. 
6067 
100.41 
3.5.:30 
64.13 
.52. _58 
9.62 
1.13 
3.78 
.5.6) 
'·· 
' 
I 
-
·., 
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in Appendix c. 
The dif1'erence -in the Table 11 is positive 1:f· 
performance under flicker condition was lower than in steady 
light condition (or time and error score higher). 
Inspection o~ the Table 11 tells us that only two 
differences are significant. The error in mirror tracing 
was significantly higher under flicker of 1 cps and 24 cps 
than it was under steady illumination. However, two signi-
~icant differences out of 45 is just what could be expected 
by chance i~ significance level of 0.05 is used. 
There is a general trend toward positive differences. 
)j out of 45 difCerences are positive and only 10 are nega-
tive. This suggests that over-all per~ormance under flicker 
..; 
might be slightly lower than it is in steady light. The 
differences, however, are neither statistically significant 
nor, in most cases, practically important. 
It should be also reported that subjects were asked 
about their subjective feelings after the exposure to 
~lickering light. They did not report any unpleasant e~fects 
at all. 
:·/· 
. ..,. ;.... 
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In contrast with repeatedly demenstrated perceptual 
eCCects, EEG changes, physiological and unpleasant subjec-
tive reactions, n• statistically significant e£fect eC 
flickering light on perceptual-motor performance could be 
detected. If comparing the results of the present study with 
Tulane studies on flicker (Bach 1957), there is a rather 
striking difference. Although their over-all results were 
not conclusive, radical drop in performance was reported 
in some tasks. There is a need for interpretation of this 
apparent inconsistency. 
In Tulane studies, the mest radical drep in perform-
ance was obtained on pursuit rotor task with 'a:flicker f're-
quency of 9 cps. The task is quite comparable to these used 
in this study. It requires vision,involves motor activity, 
and the score depends primarily on perceptual-motor co-
erdination. An important dif£erence is that a very low 
pulse-to-cycle fractien was used (20 microseconds was the 
flash time and 1/9 sec. the cycle time). In this study, the 
.,· 
..... 
., 
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pulse-to-cycle fraction was 1/2 with sine waves. Another 
important di~~erenoe is the control of average cycle illu-
mination intensity. In Tulane experiment the average inten-
sity of' steady light. was 200 times higher ( 20 :footcandles) 
than the average cycle illumination intensity of the flick-
ering light (O.l Ceotcandle), which probably accounts for 
\ the drop in performance. The purpose of th1e present study, 
as the main hypothesis states, was to determine whether 
intennittent illumination causes a reduction in performance 
that could not be accounted for by the reduction in the 
average cycle illumination intensity. Bearing this in mind, 
the inconsistency between results of the twe studies is 
only apparent. A common procedure in Tulane studies was 
also the provision of a training period on a given task 
until an asymptote was reached, which allowed subjects te 
be maximally trained for the task in steady light • 
There is also a discrepancy between results of this 
study and these ef the preliminary one. Grooved pegboard 
was used in both studies. In the exploratory study there 
was a significant drep in performance for 2 cps (sig-
nificant at 0.05 but nan-significant at 0.01 level). In 
this study per~ormance in the grooved pegboard was lower 
"' fer 1, 3, and 9 cps, but the drop was not significant. This 
degree of inconsistency is not striking. 
It may be concluded on the basis of the results e~ 
. _ __,.._ ., 
0 
f 
,..,,..-· 
-32-
t . 
tliis study, in cenjunctien with the analysis·of investigations 
mentioned in the intr•ductory section oC this paper, that 
-t.here are no gross detrimental ef:fects ef' :flickering light 
( 
en perceptual-motor performance. Small ef'feots may exist as 
indicated by occasi~nally obtained significant deterioration 
ef performance under flicker and general trend toward lower 
performance under £licker if' compared with steady illumination, 
but they most likely do not have any practical importance. 
'lbe impairment of performance, if any, is small and unstable. 
Werking under cenditions of intermittent illumination com-
parable te those studied in this investigation most likely 
would not result in any dramatic drop in performance. 
The generality e~ these findings is o~ course limited 
by stimulus conditions studied and tasks used. In this study 
intermittent illumination was characterized by sine ,waves, 
pulse~to-cycle fraction of 1/2, low level illumination inten-
sity, and regular periodicity of light flashes. In Tulane 
studies much smaller pulse-to-cycle fraction was used and 
different illumination intensity (either higher or lower). 
,_ 
Aperiod~c light pulses may have a different effect on perform-
ance. Tasks involved perceptual-motor coordination and 
represented a larga variety of activities. Performance in 
terms of time and error scores was considered which, again, 
,~. 
increases generality. But the number of different operations 
involving perceptual~motor coordination is practically 
:•. 
-JJ- . 
•• 
limitless and, the more they are different from operations 
required by our five tasks, the less secure will be the pre-
dictions based en this study. 
Marked Clicker-induced phenomena, such as percep-
tual effects, EEG changes and physiological reactions, do 
not appear te be associated with deterioration in perceptu-
al-motor performance. They may be of rather specific nature. 
Small decrement in performance, if any, is negligible i£ 
compared with other flicker-induced phenomena. This finding 
may be more signfficant than it seems. It suggests the Col-
lewing two hypotheses: 
a) Flickering light does not result in any general-
ized disturbance in the central nervous system, but has 
only certain specific effects, functionally independent 
from perceptual-motor activity. 
b) Flickering illumination does tend to result in a 
generalized disturbance in the central nervous system, which 
is counterbalanced or eliminated by voluntary activity or 
certain types of voluntary activity. The strongest flicker-
induced phenomena were observed in situations where subjects 
were not involved in any specific activity except in concen-
trating on the expected effects. If, for example, flickering 
field is h9mogeneous (such as experienced with tran.slucent 
eyecups on the eyes or when looking on a white and homoge-
..., 
neous paper s~r~ace),strong·perceptual e~fects occur,such as 
-34-
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apparent colers, patterns and movements, similar in some 
respects to the effects observed.in sensory deprivation. J£ 
,,: 
any pattern is introduced on the homogeneous white paper 
surface, like a line drawn with a pencil, subject perceives 
the line and this intreduced perceptual activity causes the 
apparent effects te weaken er disappear. It is possible that 
veluntary perceptual-motor activity also eliminates other 
efCects of flicker, usually called unpleasant, such as 
nausea, vertige, headache, or drowsiness. This hypethesis is 
supported by the fact that Ss, when asked after the experi-
ment, did not report any such unpleasant effects. 
In fellowing conclusions were reached: 
1) Intermittent illumination as used in the study 
does not cause a gross reduction in perceptual-moter perform-
ance. I£ there is any impairment of perceptual~motor perform-
ance under flicker, the study failed to detect it. It is 
likely to be small, unstable, and of little practical 
impertance. The experimental hypotheses as stated above 
(including two subbypetheses) cannet be accepted. 
2) Any gene~alized or specific disturbance in the 
central nervous system caused by fli~,k•r and indicated by 
.. -~,..· ,.;:c· 
varieus :flicker-induced \phenomena is insufficient te preduce ~. 
cemparable disturbance in perceptual-motor activity. 
The fellowing two alternative hypotheses are suggest-
ed te explain the findings: 
.. 
.... 
.. 
I 
l' 
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1) Speci1'ic e:ffects ef :flicker and perceptual-
meter activity are functionally in~ependent. 
2) Voluntary perceptual-motor activity counter-
balances or eliminates generalized flicker-induced 
disturbances in the central nervous system tha~.other-
wise tend to occur • 
. · ~: 
., 
.\ 
.I 
I. 
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App ·end ix A 
I n s t r u c t 1 • ~ s 
The fellewing instructiens were given te subjects 
•. j 
ter the five perceptual-mater tasks and in this erder: 
1. Gr o • v e d P e g b e a r d 
Yeu have a small pegboard in frent ef yeu. This 
pegbeard has 5 rows of 5 keyholes, 2S all tegether. There 
are 2S keys which fit into these keyholes. All keys are 
exactly alike. The keyholes are of equal shape but differ in 
erientatien. Your task will be to put the keys into these 
,· 
keyheles as quickly as yeu can • 
.. 
Yeu will take each key separately with yeur right 
hand and putl it in the keyhele. Start with the tep left-hand 
., 
cerner and progress Crom le~t to right. When yeu have 
cempleted the first rew, start.with the second row, again 
from left te right, the~ the third row and so on. This •rder, 
is the same as in reading a text. 
Put y•ur right band near the pegboard, like thisl 
De net start be:fore I say "go 1 ". I will first ask yeu if yeu 
are ready. Then you will start v"as seon as I say "ge J ". I will 
stopwatch yeur performance. 
" Remember: Take each key separately;,the erder is th~ 
-same as in. re~ding; start on the signal "geJ" and work as '\. ) . . 
~ast as yeu can until yeu complete the task. 
'Q 
...... 
<l 
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2. Card' ·so r.t in g: Numbers 
There are l.S boxes on the desk. Each box is desig-
nated by a number from 1 to 15. 
I will give you a bunch of cards each one having a 
number between 1 and 1;. You will distribute these car4s in 
the appropriate boxes, fer instance oard number 6 in the 
box number 6. 
You will hold the bunch of cards with your left 
band, like this! (Show) •. You will take each card separately 
with your right hand, like this (show), and put it in the 
" 
cerresponding box. -
I will measure the time it will take you to dis-
tribute all cards in the appropriate boxes and count the 
errors. So, work as fast and as carefully as you can. 
Take the cards and wait until I say ugo!". 
J. Mi r r e r T r a c i n g 
Behind this small shield, there is a star printed 
on a sheet of paper. You· see it in the mirror. You know 
that one dimension is reversed in the mirror. 
Your task will consist in tracing the star·with a 
pencil that you will hold in your right hand. Deviations 
from the line fonning the star will be considered as errors. 
You will start at the point indicated by the arrow 
- here - and progress in the direction as shown by the 
• 
. ) 
' 
. )
-~-~ 
. _ .. ''·~ ·. 
. . 
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I 
arrow, until you come.back te the starting point. 
Your task consists in tracing the star a~ precisely 
and as fast as you can. . ...... , ... .. 
. Take the pencil and put it en the starting point. 
Do not start before I say "gol". 
4. Card S o r t i n g : C o 1 o r s 
There are ten boxes on the desk now. Each box is 
designated by a di£ferent color mark. 
., I will give yot1 a bunch of' cards each one having a 
-colored square in its middle, corresponding to one of the 
boxes, designated with the same color. You will distribute 
the cards in the appropriate boxes. I will give you the 
cards twice because they are somewhat thicker in the middle 
and might slip out of your hands if I hand you too many 
cards at a t'ime. 
You will hold the cards with your le~t hand, like 
this (show). Make sure they den'p slip out of your hand. 
You will take each card separately with yeur right hand 
and put it in the c~rresponding box. 
I will measure the time it will take you to dis-
tribute all cards in the appropriate boxes and count the 
errors. Work as fast and as carefully as you can. As soon 
- I 
~s you finish the first bunch I will hand you the second 
one and you will continue as before., 
Take the cards and wait until ·r say "go! ". 
;. ' .. 
.. ,. 
. . 
., 
... 
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5. Card S•rting: Figures 
There are 1S boxes en the desk. Each box is desig-
nated by a geometrical pattern. The geometrical pattern 
censists Gf one of five figures: square, triangle, circle, 
parallelogram, er trapezeid, each one having a small vertical, 
horizental, er diagonal bar in the middle. 
I will give you a bunch of cards each ene having a 
geemetrical pattern. Yeu will distribute the cards in the 
appropriate boxes. Remember that beth the figure and the 
small bar must be identical. 
You will hold the cards as in the preceding task. 
Take each ene separately with your right hand and put it in 
the cerrespending bex. 
I will measure the time and count the errers. Werk 
as fast and as carefully as you can. 
.:~,·~· 
Take the cards and wait until I say "gel". 
:J 
. - .~ . ·~ ~--
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:l A'p p d i B e n X 
)' Raw D a t a 
,. 
Pretest (P) and difference (D) scores are given.in 
Tables B.l to s.9. Test scores (T) can be obtained by adding 
up the pretest and difference sceres (D • T - p 
' 
hence 
T • P + D) • 
. ,\ 
Table B.l 
Greeved Pegboard (Time) 
Centrel l cps 3 cps 9 cps 
In -,l, p D p D p p D 
S8 . 
-5 73 +6 64 0 63 +7 
66 +l.i 67 -6 71 I -4 67 +3 
61 
-4 61 +9 81 
-7 sa· -1 
74 -2 61 -2 6_5 -2 79 +l 
'lS -J S.5 +4 66 +4 61 +l 
69 0 62 -4 .53 +9 63 +l ·~. 
.S2 -4 24 cps 1t· 40 cps 
64 '·· +2 p D p D 
.S4 I +9 BJ -8 .S6 +l 
79 -12 56 +2 ,- 70 -3 
.SJ -J 74 -14 .59 -6 
6J -11 69 0 S6 +l 
.56 -) -~· .59 0 S2 -4 
61 
-s 6"/ -4 67 I -2 
,. 
;..; 
tr.~~· I•" • , ... 
•:. .. .. ,. 
·, 
,,: 
!', 
( 
,, 
Centrel 
p D 
98 -31 
4.S6 -261 
460 -J06 
124 -.Sl 
190 -102 
1)6 -8 
177 -113 
171 -111 
141 -3.5 
S20 -180 
21.S +lJ 
240 
60 
79 
-23 
-10 
-1.S 
rf) 
-41-
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Table a.2 
Mirrer Tracing (Time) 
1 cps ) cps 
p D p D 
164 -S) 
,.. 
9 cps 
p I D 
7.S -2.S 
81 
-7 
392 -2.54 
176 -4) 
JOl -70 
407 -173 
212 -13 
212 -1)4 
1J2 
61 
0 
0 
121 -.sa 
111 +l) 
194 I -BJ 
72 
97 
+4 
+.S 
108 -47 
98 +12 
24 cps 40 cps 
.,\\ 
p 
192 
146 
41.S 
16.S 
77 
147 
D 
-60 
-S4 
-207 
-.s4 
-11 
-27 
p I D 
72 1 -1 
a, I 
69 
161 
84 
+lJ 
+13 
2.5.5 -75 
.. 
,~ 
-., 
:~. 
\ 
· ... :.:_ 
Centrel · 
p I D 
266 -29 
216 +l 
482 -149 
22J -31 
199 -J4 
2)8 
187 
16.5 
-1 
-8 
+l 
171 -8 
2.52 +9 
2JJ -14 
249 +10 
19:3 +10 
18S -J2 
'\. 
-42-
Table B.) 
Card Serting: Numbers (Time) 
,.,. 
' •: . }~~. .. 
1 cps 
p D 
278 -4.3 
290 1-.s? 
2.Sl +21 
)22 -2 
204 -14 
267 
·~. 
+J 
- 24 cps 
p I D 
261 I -4o 
I 
224 J -21 
2.)8 . , -22 
22a I .1 
276 -22 
190 
-7 
J ops 9 cps 
p D p D 
207 I +27 
2,, 1-27 
182 +)3 
282 -J 
274 
226 
202 
+21 
l-16 
I -6 
l.S6 
261 
273 
+8 
+2 
+16 
196 +.S2 234 +13 
40 cps 
p D 
204 -12 
Jl9 -.S)" 
2.S) -19 
160 -8 
188 
-8 
229 -29 
·--· 
i . 
\ . ' 
-
........... 11111!11!11!!1!~~----................. ~~------. ..... ~--, "~---·---,·-~····-··· ..... , ... , ....... ,,.,,,, .. ,.,· •• s•,-,.• ·'· ,_,,,, • "" ·- -· .. ,, . ·•« ' ' ·, .. , , 
-4:3-
\ . 
... 
!.• 
Table e.4 
.. ' Card Serting: Figures (Time) 
"' Centrel 1 cps ) cps 9 cps 
p D p D p D p D 
447 -42 S38 -57 5?) -8 4)8 -41 
611 -124 .517 -68 460 
-71 .s61 I -41 
742 -Bo 
.S.51 -4 501 +12 4.50 -82 
' 412 -70 722 
-99 604 -165 ,SOl 
-47 
,._...........·- ~ ~ 
S).S -149 487 -4S 612 -117 621 -81 
t 641 ·-134 7:30 1-174 493 -41 424 ! -2) 
I 
47.S -1.58 
;. 
490 
-47 24 ops 
.40 cps 
402 -87 _p D p D 
_504 -48 
.S)J 
-S7 )54 -)2 
478 
-J.5 
.S29 -21 621 -144 
42.5 ,1 -13 
.526 -44 484 -64 
421 
-.50 410 
-.so S77 -192 
.518 
-90 577 -128 48.S -112 
)7.S -63 .Sl6 -103 
./ 
# ••• 
:~-
.... 
., 
. .;. 
•11· 
' ' 
•· 
Centrel 
p I D 
22.5 f +14 I 
)09 -2 
)06 -20 
)09 -49 
208 +11 
250 -11 
278 -98 
2J9 -4.S 
28.S 
)27 
2)0 
257 
198 
)08 
-22 
+)O 
+2 
-18 
+24 
-69 
-44-
.... 
·; .. _; 
Table a • .s 
Card Serting: Celers (Time) 
1 cps 
p I D 
200 I +.3 
272 I +.51 
2.S:3 +40 
424 -28 
168 +41 
408 -29 
24 ops 
p I D 
166 I +18 
211 +12 
JlO 
224 
2.50 
184 
I 
-49 
-8 
0 
-8 
) cps 
p I D 
4 I _ 
257 1+12.s 
2.s9 I -16 
292 -51 
21a I -76 
30.5 -10 
9 cps 
228 +l 
307 I -2 
242 t +20 
272 +4.S 
299 +l) 
274 -.so 
40 cps 
.. 
;..;, ... · 
. ,, 
p 
180 
216 
190 
1S6 
220 
D 
I -21 I -3a 
+4.S 
0 
+7 
246 -24 
·,. 
... 
.• 
. 
l . 
., .... 
~ 
_,: 
'·' 
. '\ 
Centrol 
p I D 
-9 
.51 +8 
S:3 -9 
)l -1 
42 -4 
.S2 -1.S 
)J -3 
42 +2 
48 
-9 
)7 -13 
41 +4 
ss -18 
.56 -7 
'J7 -4 
,_;.' 
..... 
-4.s-
.;-a:. ~; 
Table B.6, 
Mirrer Tracing (Brrer) 
1 cps ) 
,; 
cps 
p D p ' D 
)5 I +7 S7 -10 
47 +5 28 +2 
28 +8 42 +12 
46 
-7 48 +7 
4J +10 ss +l 
.so I +2 48 +12 
24 ops 40 
p D p 
28 +4 37 
.S2 +S .5) 
44 +9 29 
2) +6 :36 
42 +8 )8 
.. .51 -) S7 
~- -
·, 
.... -~ 
r 
t 
:; ::._. 
9 cps 
p D 
29 +13 
f42 
-1.S 
.56 +2 
40 I +14 
37 +6 
~ :JS -1 
' 
cps 
D 
+12 
-1 
+.S 
+7 
+l 
-) 
~: . 
. f 
( 
' 
.. 
-l\ 
.. 
"" 
';, 
_.\._ 
;·( 
Cent rel 
p 
0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
0 
D 
0 
-3 
-1 
0 
'+l 
+l 
+2 
o· 
0 
0 
' I 0 
-1 
-1 
0 
' -46-
Table B.7 
Card Serting: Numbers (Errer) 
tl: 
"' 
1 cps 
p 
0 
2 
0 
0 
0 
0 
D 
0 
-1 
0 
0 
0 
0 
24 
p 
0 
1 
0 
0 
0 
0 
I 
,( 
cps 
D 
0 
-1 
0 
0 
0 
0 
) ops 
p D 
2 -2 
1 -1 
0 0 
0 0 
0 
1 
0 
-1 
40 
p 
1 
0 
0 
0 
0 
2 
·-
-~ 
cps 
D 
-1 
+l 
0 
0 
0 
-2 
. .. 
.. t.· 
9 cps 
p 
0 
0 
0 
0 
0 
1 
·1 
-.~ 
D 
+l 
0 
+l 
0 
0 
0 
, ' •, C ,'.•:• _;."'1',~ ,,'{.'•·.l•'', \• ' 
.\~ . 
. ,-._: 
I 
-~-
Centrel 
p D 
1 +2 
2 +1 
6 
-3 
2 -2 
7 -6 
9 -2 
:3 I +1 
'-4 s 
+l 
2 
' 
0 
I 
4 
-3 
0 
9 -6 
6 -2 
-47-
Table e.8 
Card Serting: Figures (Err•r) 
1 cps 
+. ) ,-1 
6 -, 
6 -1 
2 -2 
J +J 
2 0 
24 cps 
p I D ? 
J 0 
·-~ 
9 -7 
2 +6 
2 0 
6 -4 
0 0 
' 
) 
p 
B 
1 
4 
J 
0 
cps 
I 
D 
-4 
+l 
-1 
+l 
+l 
0 
40 cps 
p D 
2 -2 
11 
-8 
2 -1 
6 -s 
7 -6 
I -2 
.. •',,, 
~--· 
9 cps 
p f D 
2 -2 
2 0 
0 0 
1 -1 
2 -1 
9 +l 
,. 
• 
, JI. 
-48-
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.Table a.9 
Card Serting: Colers (Errer) 
-J .. -._ .. \: :'·· -.... 1··-·· 
Centrel 1 cps 3 ops 9 cps 
). 
p D p D p D p D 
· 10 
-9 2 +l 2.S -5 1 +10 ,. 
--... 
--~ 
~ ) }, ; -1 l.S 
-3 4 -2 2 -1 
.. 
28 
-2 )4 
-9 22 -, 2 +l 
~~ 
6 +4 11 +l 20 
-7 0 +J 
1) 
-6 8 -2 11 
-2 +6 
8 
-4 4 -) 4 +5 27 
-7 
' 
9 +l 
1S -4 24 • 40 cps cps 
I I 1 +2 p D p D ' j I 
9 -) 18 I +J lJ -7· 
8. 
-J 28 -1 7 0 
lJ -8 14 
-6 7 -6 
J4 -10 4 +8 16 
-2 
9 +l +4 1 -1 
.I 
6 -2 9 -3 
~. 
·r •.. I 
t 
............... 
-~ (: 
l 
1' 
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Appendix C 
,. Additienal infermation per~inent te statistical test 
_ .. ~-~··· ...... 
Table c.1 
Results oC Bartlett's test fer hemogeneity ef variance 
ef difference scores 
Greeved Pegboard 
Mirror Tracing (Time) 
Card Sorting: Numbers (Time) 
Card Sorting: Figures (Time) 
Card Sorting: Celors (Time) 
Mirror Tracing (Error) 
Card Serting: 
Card Sorting: 
Card Serting: 
Numbers 
Figures 
Celers 
I 
,.:· 
·-: 
(Errer) 
(Error) 
(Errer) 
Chi 
).)J NS 
12.81 5 (O.O.S) 
27.10 ~ (0.0.5) 
8.4.s NS 
8.69 NS 
7.72 NS 
lJ.82 s (o.o.s) 
76.95 "s (o.o.s) 
I :3.09 NS 
( 
...... 
.'·.•: 
~ 
t. 
) 
l• 
·' 
q,,. 
~.so-
Table c.2 
Results •f the ever-all F-test ef the differences between 
., 
treatment greups 
F-ratie 
Greoved Pegbeard 1.i,2 NS 
Mirror Tracing (Time) 1.60 NS 
Card Sorting: Numbers (Time) 1.72 NS 
Card Sorting: Figures (Time) 1.00 NS 
Card Sorting: Celors (Time) 1.00 NS 
Mirror Tracing (Errer) ).2) s (0.0.S) 
Card Sorting: Numbers (Error) 1.39 NS 
Card Sorting: Figures (Errer) 1.16 NS 
Card Sorting: Celors (Errer) 1.80 NS 
Numbers ef degrees ef ~reedom associated with 
'\_, . 
the upper F-ratios are: 5 (between) and )8 (within). 
'j,, 
"\( 
~: 
;. : 
·, 
.. -·--· ,, ..,,,,- .. 
•. 
,. 
,, 
~ 
-,1-
. .... 
..... .-,.. ~ 
Table C.) 
Witbin-greup mean. squares (MSwg) and errer terms fer 
Dunnett 's test 
Error term 
Greeved Pegboard 26.02 2.49 
.. 
Mirror Tracing (Time) 5895 • .5) 37.47 
Card Sorting: Numbers (Time) 881.,;9 13.90 
Card Sorting: Figures (Time) 240.5.06 23.93 
Card Serting: Celors (Time) 1616.48 19.62 
Mirrer Tracing (Error) 
.53.98 3.59 
Card Sorting: Numbers (Errer) 0.7.5 o.42 
Card Sorting: Figures (Error) 8.37 1.41 
Card Sorting: Celers fErrer) I 19.04 
' 
2.13 
The error term is derived as fellows: 
error 11 -/MSwg ( 1/nc + 1/ne) 
where nc • 14 (number eC observations in the contrel) 
and ne • 6 (number of observations in each o~ the S 
experimental groups). 
-~ 
; 
, ... 
'-~ 
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